We evaluated the effects of various intravenously administered drugs, which had been shown to influence bladder function in anesthetized and/or con scious rats, on the cystometrogram in conscious restrained-denervated rats (pro duced by transection of the hypogastric nerve) placed in a restraining cage in com parison to those in conscious restrained-intact rats (with the hypogastric nerve intact) placed in a restraining cage. The bladder capacity in the restrained denervated rats was smaller than that in restrained-intact rats and did not change when they were transferred to a wide cage, but the bladder capacity of the restrained intact rats decreased following transfer to the wide cage. Therefore, the activity of the hypogastric nerve in conscious rats appears to be stimulated by restraint. Atropine suppressed the amplitu..,de of the micturition contraction (time to micturi tion in the cystometrogram).
Abstract-We evaluated the effects of various intravenously administered drugs, which had been shown to influence bladder function in anesthetized and/or con scious rats, on the cystometrogram in conscious restrained-denervated rats (pro duced by transection of the hypogastric nerve) placed in a restraining cage in com parison to those in conscious restrained-intact rats (with the hypogastric nerve intact) placed in a restraining cage. The bladder capacity in the restrained denervated rats was smaller than that in restrained-intact rats and did not change when they were transferred to a wide cage, but the bladder capacity of the restrained intact rats decreased following transfer to the wide cage. Therefore, the activity of the hypogastric nerve in conscious rats appears to be stimulated by restraint. Atropine suppressed the amplitu..,de of the micturition contraction (time to micturi tion in the cystometrogram).
In the restrained-denervated rats, thiopental and indomethacin increased the bladder capacity at almost the same doses as those in restrained-intact rats, but it took a higher dose of morphine to increase the bladder capacity than in restrained-intact rats. These findings suggest that cystometro graphy in restrained-denervated rats is a useful method for evaluating the effect of a newly developed agent on bladder function without any influence from the hypogastric nerve.
The lower urinary tract is innervated by the parasympathetic, sympathetic and somatic divisions of the nervous system (1). Fur thermore, Barrington (2, 3) initially described the act of micturition as a combination of several reflexes operating through the above divisions. The sympathetic system exerts an inhibitory influence on the activity of the detrusor muscle via the hypogastric nerve (4). We have previously evaluated the effects of various drugs on bladder function in con scious rats placed in a restraining cage, and we suggested that the activity of the hypogas tric nerve was maintained during recording of the cystometrogram in conscious rats placed in a restraining cage (5).
In the present study, to avoid the influence of the hypogastric nerve, we evaluated the effects of various intravenously administered drugs, which had been shown to influence bladder function in anesthetized and con scious animals (6-11), on the cystome trogram in conscious restrained-denervated rats (produced by transection of the hypo gastric nerve) in comparision to those in conscious restrained-intact rats (with the hvpogastric nerve intact).
Materials and Methods
Implantation of catheter and cystometro graphy: Implantation of a catheter and cysto metrography in conscious rats were performed according to the method of Yaksh et al. (12) . Male Wistar rats (weighing 250-350 g) were anesthetized with ether. The abdominal region and the back of the neck were shaved, and tincture of iodine was applied to the skin. Through a midline incision in the abdomen, the bladder was exposed. The bladder end of a polyethylene tube was heated to create a collar, and the tube was inserted 2-3 mm into the lumen through a small incision at the apex of the bladder dome. Then the region of the bladder immediately around the tube was ligated. The bladder was flushed, and the free flow of fluid in and out of the tube was ascertained. A trocar was passed through the abdominal muscles about 1 cm from the upper end of the incision and tunneled sub cutaneously to emerge through the skin of the back of the neck. The tube was then passed through the trocar, and the abdominal muscles and skin were sutured. The rats were allowed to recover from anesthesia for about 4 hr. In addition, experiments on anesthetized rats were performed under the same con ditions, except that the combination of urethane (600 mg/kg, i.p.) and a-chloralose (60 mg/kg, i.p.) were used. When bilateral transections of the hypogastric nerve were performed, it was cut at a level about 10 mm centrally apart from the pelvic ganglion at the same time as the catheter implantation.
The rats were placed in restraining cages that were large enough to permit them to adjust themselves to a normal crouched posture and narrow enough to prevent front to hack rotation. A force-displacement trans ducer (T7-30-240, Orientic, Tokyo, Japan) mounted on a 10-ml cap was placed beneath the penis for measurement of urine volume. The bladder catheter was connected to a pump, for saline infusion, and a pressure transducer (LPU-0.1, Nihon Kohden, Tokyo, Japan)
by means of a polyethylene T-tube. The whole system was filled with saline. Variations of intravesical pressure in response to saline infusion together with urine volume were recorded on a recorder (,WR-3701, Graphtec, Tokyo, Japan). Transvesical saline infusion (55 al/min) was continued until micturition occurred. This infusion rate was chosen to stimulate a diuresis value in the physiological range (13) . After micturition, intravesical pressure returned to a level near zero or at least lower than that recorded just before micturition, and the residual saline was removed. Cystometrography was performed at 30 min intervals. Four parameters were obtained from each cystometrogram: the time to micturition after infusion of saline (bladder capacity), the pressure threshold, the mic turition pressure and -the resting pressure. Test drugs were administered via the tail vein using a syringe after the cystometrogram had become stable.
For the freely-moving experiment in con scious rats, the rats were transferred to wide transparent cages (22 x 1 5 x 12 cm), and cystornetrography was performed at 30 min intervals by the same methods as those for rats in the restraining cage.
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Results

Cystometrography
was performed in con scious restrained-denervated rats (produced by transection of the hypogastric nerve) that were placed in a restraining cage. They were compared to conscious restrained-intact rats (with the hypogastric nerve intact) that were placed in a restraining cage, or to conscious freely-moving rats placed in a wide cage. During recording of the cystometrogram in freely-moving rats, irregular intravesical pres sure changes were seen that were related to the movements of the animals (Fig. 1) . These irregular pressure changes were not seen in the restrained-denervated rats and restrained intact rats (Fig. 1) . The variance of bladder capacity in restrained-denervated rats was significantly smaller than in freely-moving rats, and it was similar to that in restrained intact rats (Fig. 2) . However, the bladder capacity in restrained-denervated rats was smaller than in restrained-intact rats, and it was similar to that of freely-moving rats (Fig.  2) . The bladder capacity of restrained denervated rats did not change when they were transferred to a wide cage, but the bladder capacity of restrained-intact rats decreased following transfer (Fig. 3) .
The effects of various drugs were evaluated on the cystometrogram in restrained denervated rats in comparison to restrained intact rats and to anesthetized rats (with the hypogastric nerve intact) that were placed in a restraining cage. Atropine (0.01-0.1 mg/ kg, i.v.) markedly decreased the micturition pressure in restrained-denervated rats at almost the same dose as in restrained-intact rats or anesthetized rats ( Table 1 ). In the restrained-denervated rats, thiopental (10 20 mg/kg, i.v.) and indomethacin (0.1-0.3 mg/kg, i.v.) increased the bladder capacity at a dose similar to that in restrained-intact rats, but it took a higher dose of morphine (0.1 0.3 mg/kg, i.v.) to increase the bladder capacity compared to the effective dose in restrained-intact rats (Table 1) . Thiopental, morphine and indomethacin also increased the bladder capacity in anesthetized rats, and the effect of thiopental was potentiated by the anesthetic ( Table 1 ). The maximal effect of each drug was observed in the first cystometrogram, except for indomethacin with which the maximum effect was observed in the second cystometrogram (30 min later).
Discussion
We have previously reported a conscious rat model employing rats placed in a restrain ing cage, and we suggested that the activity of the hypogastric nerve was maintained during recording of the cystometrogram in restrained-intact rats (5). In the present study, we found that the bladder capacity in restrained-denervated rats was smaller than that in restrained-intact rats and did not change when they were transferred to a wide cage, but the bladder capacity of restrained intact rats decreased following the transfer. These results suggested that hypogastric nerve activity in conscious rats was stimulated by restraint. Also, during the recording of the cystometrogram in freely-moving rats ir regular intravesical pressure chances were seen, but such changes were not seen in restrained-denervated rats. The variance of bladder capacity in restrained-denervated rats was smaller than in freely-moving rats, while bladder capacity of restrained -denervated rats was similar to that of freely-moving rats. Therefore, the performance of cystometro graphy in restrained-denervated rats appears to be a useful method for evaluating the effect of a drug on bladder function.
Atropine is considered to act on the micturition center(s) and/or bladder mecha noreceptors as well as the muscarinic re ceptors in the bladder smooth muscle in anesthetized rats (6, 7) . Atropine decreased the micturition pressure in restrained denervated rats at almost the same dose as that in restrained-intact rats or anesthetized rats. Indomethacin is considered to act on the micturition center(s) in the sacral cord and/ or brain stem or on bladder mechanoreceptors (7) (8) (9) . Indomethacin increased the bladder capacity in restrained-denervated rats at a dose similar to that in restrained-intact rats or anesthetized rats. Accordingly, these results suggest that these drugs appear to influence the inhibition of micturition via mechanismas other than one involving the hypogastric nerve.
Thiopental is considered to act on the micturition center in the brain stem (7) , and it increased the bladder capacity in restrained denervated rats at a dose similar to that in restrained-intact rats. The effect of thiopental in restrained-denervated rats or restrained intact rats was potentiated by the anesthetic, and an interaction with anesthetics at the level of the micturition center in the brain stem has been suggested in our previous report (5). These results suggest that anes thetics appear not to influence the inhibition of micturition via the hypogastric nerve.
Morphine is considered to act on the micturition center(s) in the sacral cord and/or brain stem (7, 10, 11 ) , and it increased bladder capacity in restrained-intact rats or anes thetized rats. The effect of morphine was attenuated by transection of the hypogastric nerve. Anatomical studies have shown that endogenous opioids were localized in primary afferent fibers from the lower urinary tract (14) , and that sympathetic influences were generated by afferent activity arising in the bladder (15) (16) (17) . Therefore, morphine appears to promote the inhibition of micturition via the hypogastric nerve, but further studies are required to clarify this point.
In conclusion, cystometrography in con scious restrained-denervated rats placed in a restraining cage and produced by transec tion of the hypogastric nerve appears to be a useful method for evaluating the effect of a newly developed agent on bladder function without any influence from the hypogastric nerve.
